The aim of this study was to quantify the shifted to lower values as compared with the other two groups. The frequency shift was frequency shift in vasomotor oscillations in blood assessed by median frequency of the oscillations. pressure we observed in borderline hypertensive Significant between-group differences were individuals in our previous study. KEY WORDS: Spectrum analysis, baroreceptors, Hz in blood pressure and heart rate, assumed to borderline hypertension, heart rate, blood be associated with baroreceptor activity, were pressure.
W
either greater low frequency variability ( 0.02 to 0.075 Hz ) , generally referred to as reflecting thermoregulatory adjustments, 2 or smaller mid-frequency variability ( 0.075 to 0.15 Hz ) , held to be associated with baroe have demonstrated that by means of spectral analysis of blood pressure ( BP ) variability it is possible to detect qualitative differences in cardiovascular regreceptor activity, 3 than the other two groups. The reulatory systems between normotensive ( NT ) , bordersults suggested that in borderline hypertension the line hypertensive ( BHT ) , and mildly hypertensive baroreceptor-mediated oscillations are shifted to ( HT ) subjects. 1 Our principal finding was that, delower frequencies. Our hypothesis is supported by a pending on the body position, the BHT group had study of DiRienzo et al, 4 which showed that sinoaortic denervation in cats leads to the same type of frequency shift in BP variability. Thus far, this phenomeReceived January 12, 1995. Accepted October 14, 1996. non has been reported to occur in heart rate ( HR ) From We undertook the present study to quantify the freFinland.
quency shift we described in the BHT subjects. 1 The spectrum can contain several significant peaks within was approved by the Ethics Committee of Tampere University Hospital. Informed consent was obtained a particular frequency range, calculation of center frequencies and powers of individual peaks is not a satis-before the study.
Classification of the subjects to the BP groups was factory solution to measure the frequency shift. Calculation of a median frequency ( f med ) , ie, the frequency made as follows: BP was recorded using the standard cuff method on two occasions over a period of 1 to 2 at which the power spectrum is divided into two regions with equal power, is an established method in months before the intraarterial BP recording. A health care nurse performed the measurements twice on the the assessment of spectral shift in electromyographic signals. 9, 10 In the present article, the method is applied first occasion. A physician measured the subjects' BP three times on the second occasion. If the BP did not to BP and HR signals.
remain in the NT or HT range, the physician also mea-MATERIALS AND METHODS sured it three times on a third occasion. On each occasion, the mean of the two to three measurements was The subjects were chosen from a routine health check used for classification. The subjects was classified as carried out on all 35-, 40-, and 45-year-old individuals BHT if two of the three BP means fell in the BHT range. at the Communal Health Centre of the city of Tampere Data acquisition, signal processing, and spectral analduring the years 1987 through 1990. Of all 16,059 inysis were performed as in our previous study. 1 In brief, vited men, 74.8% came to the health check-up. All intraarterial BP was recorded by the Oxford method male participants who had no medication and no preover a 30-h period. We used Medilog 20 FM recorders vious diagnosis of hypertension or other diseases ( Oxford Medical Systems Ltd, Abingdon, Oxford, Enwere informed about the BP study by a health care gland ) , which have two signal channels: one for BP and nurse. Of these, 92 male volunteers were selected. Acanother for electrocardiogram ( ECG ) . The frequency cording to the World Health Organization criteria, 11 response of the BP channel of the entire recording and 33 of the subjects were NT with BP lower than or replay system has been shown to be 0 to 15 Hz. The equal to 140 / 90 mm Hg, 29 were BHT with BP of 141 signals were first low-pass filtered ( BP 30 Hz, ECG 50 to 159 / 91 to 94 mm Hg, and the remaining 30 subjects Hz ) and digitized at 100 Hz sampling frequency and were HT with BP 160 / 95 mm Hg or greater. With the 12 bit precision. The signals were then transformed to exception of hypertension, all subjects were free from time series of instantaneous systolic BP ( SBP, mm Hg ) , other diseases, as determined by history taking and diastolic BP ( DBP, mm Hg ) , and HR ( beats /min ) . The thorough physical examination, and were never HR was derived from the R waves of the ECG. After treated with any permanent medication. No subject linear interpolation of the consecutive heart beats, had any electrocardiographic, radiographic ( chest xbased on the control theory concept of Luczak and ray ) , or serologic ( creatinine, electrolytes, hematocrit, Laurig, 12 the time series were sampled at 1 Hz sampling fasting plasma glucose, total cholesterol, high-density frequency. lipoprotein cholesterol, triglycerides, g-glutamyltrans-
Five-minute periods for autoregressive ( AR ) spectral ferase ) abnormality. Subjects smoking more than 20 analysis were extracted from four physiologic steadycigarettes per day were excluded from the study. The state and visually apparently stationary situations: sitproportion of smokers / nonsmokers in the groups was ting, supine rest, standing, and sleep at night ( at 2:00 similar ( NT, 13 of 20; BHT, 12 of 17; HT, 11 of 19 ) . AM ) . The posture manipulations were performed beAnthropometric characteristics of the groups are given tween 11:15 AM to 1:00 PM in a quiet room. In different in Table 1 . Body mass index ( BMI ) was calculated as test situations, the average HR did not suggest any hyweight divided by squared height ( kg /m 2 ) . The NT perkinetic state in the BHT subjects. 1 In agreement with group had a lower body weight than the two other early stages of primary hypertension, the BHT and HT groups and a lower BMI than the HT group. The study groups showed only slightly elevated BP levels. Spectral analysis was carried out with a Sparcstation IPC ( Sun Microsystems, Inc., Mountain View, CA ) . The 7.9 parisons, statistically significant between-group differences were observed in the supine and sitting positions ( Figure 1 ) . The f med for the time series was the ware ( Los Angeles, CA, 1990 ) . The between-group dif-lowest in sleep, but there were no evident withinferences were analyzed by ANOVA for repeated mea-group differences in the different body positions. surements, followed by Duncan's multiple-range test. A DISCUSSION P value of°.05 was considered statistically significant.
The frequency shift observed to occur in the range Rhythmic fluctuations in BP, which are slower than of 0.02 to 0.15 Hz in BP of the BHT subjects was located the respiratory oscillations, are usually referred to as by calculating an f med for different bandwidths in SBP, Mayer waves or 10-sec rhythm. 13, 14 In the present DBP, and HR. The lower limit of the band was first study, the Mayer waves were found to be shifted to raised from 0.02 Hz by 0.01-Hz steps up to 0.07 Hz.
lower values in BHT subjects as compared with NT The upper limit of the band was then successively lowor HT subjects, as assessed by f med of the oscillations. ered from 0.15 by 0.01-Hz steps to 0.10 Hz. After each
The f med defines the frequency that divides the spectral change in the bandwidth, the between-group difference power related to the Mayer waves into two parts of was estimated using the F-value of ANOVA for reequal areas. peated measurements.
There is evidence that arterial baroreflexes play a RESULTS major role in the origin of the Mayer waves. 4, 15, 16 Fluctuations in the vasomotor tone related to renin-angioThe between-group differences in f med for different bandwidths in SBP, DBP, and HR are given in Table tensin system, endothelial factors, and thermoregula- tion occur typically at frequencies lower than 0.05 control. The condition can be reversible and therefore, no longer detectable in HT subjects, or, there may be Hz. 17 -19 The present hypotheses for the frequency shift in the Mayer waves are based on an assumption a population in the BHT group that will not develop established hypertension at a later stage. that baroreceptors are involved in the genesis of these waves. In the models of Hyndman et al 2 and deBoer In frequency domain, autonomic nervous control in BP and HR variability has traditionally been assessed et al, 3 the frequency shift can be explained by an increased latency in the baroreceptor reflex arc. We as-by dividing the spectral power into two main frequency bands, corresponding to vasomotor and respisume that the frequency shift is attributable to an increased latency in the baroreceptor reflex arc. The ratory activity, and calculating the area under the bandwidths either in normalized or absolute units. 20 This baroregulatory system exhibits oscillatory behavior because of significant time delays and nonlinearities approach does not take into account the frequency shift in vasomotor waves that can occur in certain individuin the reflex arc, which provide the negative feedback necessary for homeostasis. The BHT subjects may als. Some researchers have divided the frequencies slower than respiration into two bands of interest. 
